A cute coronary syndrome (ACS) is still a serious condition associated with decreased quality of life, increased healthcare expenditures, and premature death. The prevalence of ACS is expected to increase with aging of the population and with the epidemics of obesity and diabetes. The shortand long-term mortality after an ACS has been dramatically reduced by the development of revascularization techniques and new antithrombotic agents. The past decade has seen many trials evaluating new oral and parenteral antiplatelet agents with greater potency than aspirin and clopidogrel. Several antiplatelet agents have been developed, with the ultimate goal to obtain optimal antiplatelet therapy for both the acute and the chronic phases of disease.
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Ideally, efficiency requires several pharmacodynamic proprieties, such as a fast onset of action (immediate onset for emergency situations), a strong degree of platelet inhibition (at least stronger than the standard of care [aspirin and clopidogrel]), a narrow interindividual variability with no impact of genetic variants and no drug-to-drug interaction, and an easy administration (an oral drug for maintenance therapy and an intravenous formulation for rapid loading). Of course, this drug should also lead to a convincing reduction of recurrent ischemic events in an adequately powered phase 3 trial.
With regard to safety, the illusion of having the same dose of a single antiplatelet drug to treat all clinical situations has passed. The degree of platelet activation and aggregation is different across clinical situations (eg, acute ST-segmentelevation myocardial infarction [STEMI] versus secondary prevention) and varies over time in the same patient. Recent large phase 3 trials have confirmed the importance of dosing and the target population treated with the new agents. [1] [2] [3] [4] From a safety standpoint, an ideal antiplatelet agent would also have an intravenous and oral formulation, with different doses tested in different situations; a reliable, constant, and measurable antiplatelet effect; a fast offset and an effective antidote; and few side effects. Subsequently, the bleeding risk would be reduced, possibly predictable, and if the event occurs, it would be rapidly managed.
Platelet Inhibitors
Platelet inhibition can be obtained by blocking several platelet receptors. Therapeutic targets have been mainly the thromboxan A2 receptor, P2Y 12 ADP-receptor, PAR-1 thrombin receptor, and the glycoprotein (GP) ␣2␤3. The P2Y 12 ADP-receptor is a key target in the prevention of ischemic complications, particularly in patients with stents; therefore, several drugs have been developed, all targeting the P2Y 12 receptor, to obtain a higher level of platelet inhibition than the first generation of P2Y 12 receptor antagonists. These agents include thienopyridines (ticlopidine, clopidogrel, prasugrel, elinogrel) and nonthienopyridine P2Y 12 antagonists (cangrelor, ticagrelor). Fast and potent platelet inhibition can be obtained by intravenous agents that do not require absorption or metabolization. However, the current choice is limited to intravenous aspirin (in some countries) and GP IIb/IIIa inhibitors. Thus, expectations were high of cangrelor and elinogrel to fill this unmet medical need for P2Y 12 inhibition.
Intravenous Platelet Inhibitors
In percutaneous coronary intervention (PCI) and especially in patients with ACS, there are several clinical situations where an immediate and complete platelet inhibition is needed to avoid thrombotic complications and subsequent ischemic events. STEMI is a condition where a complete and immediate blockade of platelet activity is warranted to improve PCI results and patient prognosis. Indeed, we know from mechanistic studies 5 that platelets play a crucial role predominantly in the early stage of thrombus formation, findings that could explain why GP IIb/IIIa inhibitors do not demonstrate efficacy in trials in mostly patients presenting with late STEMI, whereas it was beneficial when administrated more rapidly after the onset of symptoms, such as in the European prehospital studies. 6, 7 With the advent of prasugrel and ticagrelor (2 orally administered P2Y 12 inhibitors that are faster and more potent than clopidogrel), the question of the usefulness of GP IIb/IIIa inhibitors logically arose. In both the TRITON (Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel) and the PLATO (Platelet Inhibition and Patient Outcomes) trials, 8 these intravenous inhibitors were authorized and apparently did not blunt the additional benefit of the 2 new P2Y 12 inhibitors over clopidogrel. Because no randomized trial evaluated the benefit of the GP IIb/IIIa blockade versus placebo on top of these new P2Y 12 antagonists, there is uncertainty about the risk and benefit of simultaneously using both types of antiplatelet agents. Subsequently, we need to know more about the pharmacodynamics and clinical benefits of these new intravenous P2Y 12 antagonists.
New Oral P2Y 12 Inhibitors
The 2 new oral P2Y 12 inhibitors prasugrel and ticagrelor seem to have overcome most of the pharmacological issues that were encountered with clopidogrel. Both are more potent; have a faster onset of action; and are not affected by genetic variants or drug-to-drug interaction, especially with the concomitant use of proton pump inhibitors. More importantly, prasugrel and ticagrelor have shown that stronger P2Y 12 inhibition leads to a respective, significant 19% and 16% relative risk reduction of a similar primary end point combining cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. 2, 8 Ticagrelor also showed a 1.1% absolute reduction of cardiovascular death. However, both agents had a significant 0.6% absolute excess of TIMI (Thrombolysis in Myocardial Infarction) major bleeding event not related to coronary artery bypass graft surgery (25% relative excess with prasugrel and 27% with ticagrelor). Logically, international guidelines were updated with class I recommendations for these drugs 9,10 that should replace clopidogrel in patients with ACS in whom the bleeding risk is low or intermediate.
However, both prasugrel and ticagrelor are oral antiplatelet agents and lack an intravenous formulation. Their onset of action is supposed to be fast, Ϸ30 minutes in healthy volunteers or in stable coronary patients. However, it seems from a recent work from Bonello and colleagues 11 that in patients with ACS (including Ͼ40% of those with STEMI), the obtention of an optimal platelet inhibition might be closer to several hours, at least for the prasugrel 60-mg loading dose. These data were confirmed by Valgimigli and colleagues 12 in a nicely designed randomized biological study where an optimal platelet inhibition was obtained with prasugrel between 2 and 6 hours in patients with STEMI, supporting the need for a more rapidly effective intravenous agent. In this case, the addition of the GP IIb/IIIa inhibitor tirofiban was effective to control acute platelet inhibition.
Therefore, the idea of an antiplatelet agent with an intravenous formulation makes sense to bridge the gap of the intestinal absorption of the oral formulation of the same agent. Moreover, because it was hypothesized that an interaction at the P2Y 12 receptor level was possible while using 2 competitive P2Y 12 agents simultaneously, 13 a strategy of transition from the intravenous to the oral formulation of the same drug is attractive. The gap in platelet inhibition suggested by the cangrelor data when clopidogrel is orally administered may be easier to manage with 2 formulations of the same drug developed by the same pharmaceutical company.
Cangrelor
Cangrelor is an intravenous ATP analog that reversibly binds to and inhibits the P2Y 12 ADP receptor. Cangrelor showed in phase 1 to 2 trials that its administration could provide substantially greater P2Y 12 receptor blockade (Ͼ95%) than any oral P2Y 12 antagonist. 14, 15 Moreover, the initial experi-ence with intravenous cangrelor during PCI suggested an acceptable risk of bleeding or adverse cardiac events while achieving rapid and reversible inhibition of platelet aggregation through competitive binding to the ADP P2Y 12 platelet receptor with less prolongation of bleeding time than the GP IIb/IIIa receptor antagonist abciximab. 16 In terms of clinical outcomes, in the 2 CHAMPION (Cangrelor versus Standard Therapy to Achieve Optimal Management of Platelet Inhibition) trials 17, 18 regrouping of 14 172 patients, cangrelor failed to show superiority over a 600-mg loading dose of clopidogrel in reducing the composite end point of death, myocardial infarction, or ischemiadriven revascularization at 48 hours after PCI. However, the rates of stent thrombosis and death from any cause were significantly reduced in the cangrelor group at 48 hours, just like with the other oral P2Y 12 agents, suggesting efficacy of cangrelor and a class effect on these end points. 19 Several hypotheses were raised to explain the negative findings in these 2 studies, such as timing of administration, competition at the P2Y 12 
Elinogrel
Elinogrel is a novel selective, competitive, and reversible P2Y 12 inhibitor that has both an intravenous and an oral formulation. Like ticagrelor and unlike thienopyridines, it does not require metabolic activation, and it directly inhibits the P2Y 12 receptor. Elinogrel also has a terminal half-life of 9 to 12 hours, justifying a twice-daily regimen for the maintenance dose and a balanced clearance through kidney and liver.
In this issue of Circulation: Cardiovascular Interventions, Angiolillo and colleagues 20 present the pharmacokinetic and the pharmacodynamic results of elinogrel compared with clopidogrel in the dose-ranging trial INNOVATE-PCI (Intravenous and Oral Administration of Elinogrel to Evaluate Tolerability and Efficacy in Non-Urgent PCI Patients I). This study shows that in the acute phase of treatment, the 120-mg IV bolus of elinogrel achieved more rapid and more potent platelet inhibition than a clopidogrel loading dose of 300 to 600 mg (60% of patients received a 600-mg loading dose). Not surprisingly, although the effect of the clopidogrel loading dose was maximal after 6 hours, elinogrel achieved a higher level of platelet inhibition (Ͼ85%) 15 to 30 minutes after administration. Elinogrel concentration was maximal 15 to 30 minutes after administration and decreased rapidly after the bolus dose, whereas the level of platelet inhibition reached a steady state of 90% at 8 hours after the initial bolus. The effect was sustained through the transition to the oral form of elinogrel in the post-PCI phase. A similar level of platelet inhibition was obtained with the 100-and 150-mg maintenance dose of oral elinogrel, with a trend toward a more profound platelet inhibition compared with clopidogrel 75 mg. Finally, in terms of pharmacodynamics, elinogrel fulfilled its goal by providing faster and more complete platelet inhibition with the intravenous formulation than clopidogrel, whereas the oral formulation was also effective in terms of platelet inhibition compared with clopidogrel. Of course, we do not know what would have resulted if patients had been loaded with clopidogrel 6 hours instead of an average of 9 minutes before PCI, if higher doses had been used, or if prasugrel or ticagrelor had been used.
In this same issue of Circulation: Cardiovascular Interventions, Welsh and colleagues 21 present the clinical results of the INNOVATE-PCI trial, which was designed to include 800 patients in 4 different arms. The control arm comprised patients who received a clopidogrel loading dose of 300 mg (33.5%) or a clopidogrel loading dose of 600 mg (66.5%) Ͼ12 hours before PCI. This arm was compared with 3 different arms with different doses of elinogrel. Because the loading dose of elinogrel was changed by the data and safety monitoring board to 120 mg after 80 patients were enrolled, the 3 arms differed only by the maintenance dose of elinogrel administered orally (50 mg, 100 mg, and 150 mg BID). Rapidly in the trial, the data and safety monitoring board also recommended interruption of the 50-mg arm. Finally, 652 patients were included in this dose-ranging study, which was entirely exploratory because primary or secondary end points were not clearly listed or precisely defined, and no sample size calculation was performed, limiting the conclusions that can be drawn from the study.
If we examine the signals provided by this exploratory PCI study, we have on one side a nonsignificant higher rate of periprocedural myocardial infarction in the elinogrel arms (7.4%) than in the clopidogrel arm (4.8%) (odds ratio, 1.59; 95% CI, 0.79 -3.48) during the first 24 hours or at discharge and a similar finding for the composite end point of death, myocardial infarction, stroke, urgent target vessel revascularization, and stent thrombosis at 120 days follow-up (10.4% with elinogrel and 5.8% with clopidogrel). This signal toward a higher rate of ischemic events was also present for each individual end point and may raise concern. This is also an apparent disconnection with the findings of the platelet substudy, a result somewhat similar to what was observed with cangrelor. On the safety side, no difference was observed with clopidogrel in terms of major bleeding; however, there was a higher rate of combined TIMI bleeding (odds ratio, 2.42; 95% CI, 1.16 -5.69) mainly because of a higher rate of TIMI bleeding requiring medical attention during the 24 hours after intravenous elinogrel therapy. At 120 days, an increased rate of combined TIMI bleeding was observed, with a pattern toward a dose response for oral elinogrel with 6.7% of bleeding with clopidogrel, 10.9% with elinogrel 100 mg (hazard ratio, 1.66; 95% CI, 0.85-3.25), and 15.0% with elinogrel 150 mg (hazard ratio, 2.30; 95% CI, 1.22-4.31). These results and our comments should be taken with much caution considering the phase 2 nature of the study, the changes in design made by the data and safety monitoring board, the lack of power for all clinical outcomes, and the nonsignificant differences on clinical efficacy.
No plausible explanation has been proposed for the discrepancy between the somewhat disappointing clinical results and the favorable pharmacodynamic profile of elinogrel. The play of chance is still plausible, and we need to see a large clinical outcome trial, preferably adequately powered, in a high-risk population presenting for emergent catheterization (eg, primary PCI). There is a need for immediate and strong platelet inhibition using an intravenous formulation of P2Y 12 inhibitors in this population. Success in this setting would then open new avenues for these reversible agents.
